Introduction 25
Steel-concrete composite structural systems with shear connectors have excellent structural 26 performance and economic feasibility and have been employed in various fields for decades. In 27 particular, beam-slab composite systems have been widely used in building and bridge structures.
28
The shear strength of shear connectors in beam-slab composite systems is designed by considering 29 the design shear force. Shear stiffness determines the degree of shear connection, and ductility 30 prevents brittle failure of the shear connectors. The behaviors of composite beams with shear 31 connectors have been investigated by numerous researchers. Kim and Jeong [1] conducted an 32 experimental study to verify the ultimate behavior of a composite deck system with steel sheets and 33 perfobond rib shear connectors. They performed beam and push-out tests of the shear connectors 34 and composite beams and verified the load-carrying capacity. Qureshi et al.
[2] developed a three-35 dimensional nonlinear numerical model for a composite beam with profiled sheeting and stud shear 36 connectors, and used the model to obtain the shear strength, relative slip, and failure modes.
37
Vasdravellis and Uy [3] performed an experimental and numerical study on the shear capacity and 38 moment-shear interaction of composite beams. In their study, the shear connection degree of the 39 composite beam reduced the available shear strength. Shariati resistance in all parts except on the Y-shape and dowel hole. Figure 1 shows the dimensions of the 105 push-out test specimens used for testing the stubby Y-type perfobond rib shear connectors, and Table  106 3 lists the specifications of the stubby shear connectors. 107 
Test procedure 114
The push-out test of the stubby Y-type perfobond rib shear connectors was conducted using a 115 1,000 kN universal testing machine. The relative displacement between the concrete and steel was 116 measured using four linear variable differential transducers (LVDTs) attached to L-shaped aluminum 117
angles. The LVDTs were installed 365 mm below the top of the concrete slab. Grid lines were drawn 118 on the concrete surface of all the specimens, and a high-resolution camera was used to record the 119 cracks. A monotonic load was applied in the displacement control mode, and the load rate was set to 120 0.02 mm/s to prevent failure within 15 min, according to . Figure 2 shows the setup 121 of the push-out test, which was stopped when the load decreased to less than 80% of the ultimate 122 load. To confirm the deformation of the transverse rebars and stubby ribs for each load step in SY-123 D13-M1 and SY-D16-M1, the push-out tests were terminated at displacements where the load was 124 80% of the shear strength. For SY-D13-M2 and SY-D16-M2, the tests were terminated at displacements 125 where the stiffness was recovered. To confirm sufficient deformation of the transverse rebar and rib 126 in SY-D13-M3 and SY-D16-M3, the load was applied until the point at which the displacement was 127 25 mm. After the push-out tests, the concrete blocks of the specimen were crushed to confirm the 128 deformation of the transverse rebars and stubby Y-type perfobond ribs. 129 
where represents the shear resistance (kN), is the diameter of the dowel hole (mm), ℎ is the 142 individual rib height (mm), is the rib thickness (mm), is the compressive strength of the 143 concrete (MPa), is the number of transverse rebars, is the cross-sectional area of the transverse 144 rebar (mm 2 ), is the yield strength of the transverse rebar (MPa), is the number of dowel holes, 145 is the number of dowel areas formed between the ribs bent in a Y-shape, and is the net distance 146 between the ribs bent in the same direction (mm). 147 Figure 4 and 
Failure of Stubby Y-Type Perfobond Rib Shear Connectors 184

Concrete Crack Patterns and Failure of Stubby Y-Type Perfobond Rib Shear Connectors 185
As mentioned earlier, the crack occurrence and propagation on concrete surfaces were recorded 186 using a high-resolution camera. of the rib, while SY-D16-M3 exhibited a crack that progressed along the horizontal direction from the 215 direction in which the transverse rebar was arranged. Finally, SY-D13-M3 showed a pry-out failure 216 of concrete, while SY-D16-M3 showed a splitting failure of concrete. It was assumed that in the case 217 of SY-D13-M3, which has a relatively small transverse rebar cross-section, the pry-out failure resulted 218 from local damage of the concrete near the rib. In the case of SY-D16-M3, the deformation of the 219 transverse rebar was relatively small and the load was evenly dispersed over the entire concrete slab 220 owing to its relatively large cross-section. Therefore, a horizontal crack occurred around the 221 transverse rebar, leading to a splitting failure. 222 Table 6 . Crack distribution of stubby Y-type perfobond rib shear connectors. 
Deformation of Ribs and Transverse Rebars of Stubby Y-Type Perfobond Rib Shear Connectors 231
Figures 9, 10, and 11 show the deformations of ribs and transverse rebars for SY-D13-M and SY-232 D16-M. In the figures, the transverse rebars are labeled as T-L# and T-R#, where "T" refers to the 233 transverse rebar, while "L" and "R" refer to the transverse rebar on the left and right sides, 234 respectively. Furthermore, the group of transverse rebars is numbered from 1 to 5 in the bottom-top 235 manner. Similarly, the ribs are labeled as R-L# and R-R#, where "R" refers to the rib, and "L" and "R" 236 ribs (R-L1 and R-R1) were confirmed. In addition, the degree of deformation was more severe in the 253 transverse rebars than in ribs. As a result, the shear load was transferred to the transverse rebars and 254 ribs, and the shear force was concentrated more on the transverse rebar with a relatively low stiffness 255 than the rib. SY-D16-M2 showed deformation tendencies similar to SY-D16-M1. In the ultimate limit 
Conclusions 270
In this study, stubby Y-type perfobond rib shear connectors were proposed for composite frames Therefore, to verify the applicability of the existing resistance formula, numerous parametric 287 studies are required for stubby Y-type shear connectors.
288
(2) In terms of ductility, both specimens (SY-D13-M and SY-D16-M) satisfied the ductility standard 289 of Eurocode-4. The ductility of the stubby Y-type perfobond rib shear connector with transverse 290 rebar D16 was 45.1% greater than that with D13. According to the assessment criteria for 291 ductility provided by Kim et al. (2013) , the ductility of the stubby Y-type perfobond rib shear 292 connector with transverse rebar D16 was also 28.8% greater than that with D13. These results 293
show that when stubby Y-type perfobond rib shear connectors with identical rib sizes are used 294 in composite frame structures, the structures with larger-diameter transverse rebars are 295 preferable in terms of ductility. 296 and 85% shear strength, respectively. In stage 3, SY-D13-M developed additional vertical cracks, 300 whereas SY-D16-M developed additional horizontal cracks. Then, all the crack patterns of the 301 stubby Y-type perfobond rib shear connector with transverse rebar D13 appeared as pry-out 302 failure of concrete, while those of the shear connector with transverse rebar D16 displayed 303 overall splitting failure of concrete. Thus, it can be deduced that the load distribution on the 304 transverse rebar, rib, and concrete is well balanced with increasing transverse rebar stiffness of 305 the shear connector using transverse rebar D16, which has a relatively large cross-section area 306 compared with the shear connector with transverse rebar D13. In addition, most rebars exhibited 307 large deformations in stage 5. These deformations delay concrete crushing in the dowel hole and 308 prevent the brittle failure of shear connections after the ultimate limit state.
309
(4) The difference of the shear force is low following the diameter of the transverse rebar. However, 310 the size of the rebar affects the ductility and load distribution. A larger size shows better 311 performance than the smaller one. Thus, it is expected that the size of the rebar affects the 312 behavior of the whole shear connector system. 313 
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